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INTRODUCTION 

From October 1976 t o  September 1981,  t h e  Honolulu Labora tory ,  

Southwest F i s h e r i e s  Center ,  Na t iona l  Marine F i s h e r i e s  Se rv ice  (NMFS) , under 

a T r i p a r t i t e  Cooperat ive Agreement with the  U.S. F i s h  and W i l d l i f e  S e r v i c e  

and the  S t a t e  of Hawaii ' s  D iv i s ion  of Aquat ic  Resources ,  Department of Land 

and Natural Resources (DLNR), conducted surveys  of t he  demersal  and c o a s t a l  

p e l a g i c  f i s h e s  and macro inve r t eb ra t e s  of the  i s l a n d  s h e l v e s ,  banks,  r e e f s ,  

seamounts,  and o v e r l y i n g  wa te r s  w i t h i n  the  U.S. F i she ry  Conservat ion Zone 

around t h e  Northwestern Hawaiian I s l a n d s  ( N W H I ) .  The U n i v e r s i t y  of Hawaii 

Sea Grant Program a l s o  became a p a r t n e r  t o  t h i s  i n v e s t i g a t i o n  about  a year  

l a te r .  The r e source  assessment  surveys  were conducted i n  response t o  

recommendations by the  Governor 's  Task Force on Oceanography ( S t a t e  of 

Hawaii 1969) and on Hawaii and the  Sea (S ta te  of Hawaii 1974) t o  

i n v e s t i g a t e  t h e  magnitude of t h e  marine r e sources  i n  waters  of the  NWHI a s  

we l l  a s  t o  l e a r n  about  t he  i n t e r a c t i o n  of t h e s e  marine r e sources  w i t h  

t e r r e s t r i a l  an imals  such as the  endangered Hawaiian monk s e a l ,  Monachus 

s c h a u i n s l a n d i ,  g reen  t u r t l e ,  Chelonia mydas, and sea and land  b i r d s  t h a t  

r e s i d e  on the  i s l a n d s .  

Results of t he  f i r s t  phase of t h e  bottom f i s h  survey ,  conducted i n  

October 1976-June 1979, were summarized by Uchida e t  a l .  (1979) and by 

M 0 f f i t t . l  

and p resen t  resu l t s  of s t u d i e s  on bottom f i s h  d i s t r i b u t i o n  and r e l a t i v e  

abundance, spawning and f e c u n d i t y ,  food and f eed ing  behav io r ,  c i g u a t e r a ,  

These papers d e s c r i b e  the  sampling procedure,  t he  g e a r s  used, 

and age and growth. 
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This  paper  summarizes t h e  results of a l l  NMFS bottom f i s h  s t u d i e s  

conducted t o  d a t e  i n  t h e  NWHI .  I t  i n c l u d e s  b r i e f  reviews of s t u d i e s  

completed OK ongoing on d i s t r i b u t i o n ,  r e l a t i v e  abundance, and c l u s t e r  

a n a l y s i s ;  age  and growth; food and f e e d i n g  h a b i t s ;  c i g u a t e r a ;  f e c u n d i t y  and 

spawning; and length-weight r e l a t i o n s h i p s .  

THE BOTTOM FISH RESOURCE 

The v o l c a n i c  processes  by which t h e  Hawaiian I s l a n d s  were b u i l t  u p  

from the  ocean f l o o r  produced r e l a t i v e l y  s teep-s ided  bases  f o r  a l l  t h e  

i s l a n d s .  Newman (1976) poin ted  o u t  t h a t  t h e s e  i s l a n d  bases  are less  than 

250 km i n  width a t  t h e  bottom and t h a t  t h e  slope averages  about 400 m/km. 

It i s  t h i s  s t eep  underwater g r a d i e n t  t h a t  l i m i t s  t h e  s h e l f  zone t o  a narrow 

band t h a t  sur rounds  each  i s l a n d ,  a f a c t o r  which i s  v i t a l l y  impor tan t  t o  

f i s h i n g  i n  Hawaiian waters .  Unlike t h e  c o n t i n e n t a l  s h e l f  t h a t  

c h a r a c t e r i z e s  most of t h e  w o r l d ' s  g r e a t  f i s h i n g  areas, t h e  i s l a n d  s h e l f  i s  

narrow, poorly developed,  and does n o t  o f f e r  the  marine environmental  

c o n d i t i o n s  t h a t  are so v i t a l  t o  h igh  f i s h e r y  y i e l d s .  

The Hawaiian commercial f i s h e r y  e x p l o i t s  about 60-70 species of t h e  

680+ species of f i s h  r e p o r t e d  t o  O C C U K  i n  Hawaiian waters. The bulk  of t h e  

l a n d i n g s  i s  from w i t h i n  20 nmi of t h e  main i s l a n d s ;  however, i n  r e c e n t  

years long-ranging v e s s e l s  of t h e  Hawaiian f l e e t  have begun t o  make l a r g e r  

c o n t r i b u t i o n s  t o  t h e  S t a t e  landings  with f i s h  and s h e l l f i s h  h a r v e s t e d  from 

waters of t h e  NWHI. 

The demersal f i s h  r e s o u r c e  of t h e  NWHI can be c o n v e n i e n t l y  d i v i d e d  

i n t o  t h r e e  groups OK s p e c i e s  complex, depending on t h e i r  v e r t i c a l  

d i s t r i b u t i o n  over  t h e  i s l a n d  s h e l f  and s l o p e  o r  over  t h e  summit of 
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5-em-unts. The f i r s t  i s  t h e  reef  f i s h  complex occupying t h e  subsurge  zone 

over  the  i n n e r  and o u t e r  s h e l v e s ,  t h e  second i s  t h e  snapper-grouper complex 

i n h a b i t i n g  t h e  s h e l f  edge down t o  t h e  bottom of t h e  upper s l o p e  zone, and 

t h e  t h i r d  i s  t h e  armorhead-alfonsin complex a s s o c i a t e d  wi th  t h e  summits  of 

some of t h e  seamounts i n  t h e  n o r t h e r n  edge of t h e  Hawaiian Archipelago.  

This  r e p o r t  w i l l  be  concerned only  with t h e  snapper-grouper complex; t h e  

r e e f  f i s h  complex was e s s e n t i a l l y  researched  by the  DLNR and t h e  r e su l t s  of 

t h e i r  s tudy  are n o t  i n c l u d e d  here .  The seamount-groundfish r e s o u r c e ,  which 

i n c l u d e s  t h e  p e l a g i c  armorhead, Pentaceros  r i c h a r d s o n i ,  and a l f o n s i n ,  Bervx 

sp lendens ,  has been r e p o r t e d  on by Uchida and Tagami. 

FISHES OF THE SNAPPER-GROUPER COMPLEX 

The s p e c i e s  i n c l u d e d  i n  t h i s  c a t e g o r y  are opakapaka, Pr i s t ipomoidee  

f i l a m e n t o s u s ,  k a l e k a l e ,  p .  s i e b o l d i i ,  g i n d e i ,  1. zonatus .  onaga, E te l i s  

coruscans ,  ehu,  E. carbuncuLus, hapuupuu, Epinephelus  auernus ,  bu taguchi ,  

Pseudocaranx d e n t e x ,  k a h a l a ,  S e r i o l a  d u m e r i l i ,  and nohu, Pont inus 

macrocephalus.  

R e l a t i v e  Abundance 

During t h e  course  of t h e  NWHI  i n v e s t i g a t i o n ,  we f i s h e d  25 banks with 

handl ine  g e a r  t o  de te rmine  t h e  d i s t r i b u t i o n  and r e l a t ive  abundance of 

bottom f i s h  species. Among the  more product ive  banks were Nero Seamount 

where 18.8 l i n e - h  of f i s h i n g  produced 5.319 f i s h l l i n e - h  wi th  ehu  

predominating i n  t h e  ca tch .  Other  banks wi th  e x c e l l e n t  f i s h i n g  were Bank 

No. 9 ,  a submerged p innac le  l o c a t e d  a t  l a t .  27000'N, long. 175035'W, where 

t h e  c a t c h  rate reached 3.608 f i s h / l i n e - h  and ehu, hapuupuu, and k a h a l a  

dominated t h e  c a t c h ,  and a t  Pearl and Hemes Reef where t h e  c a t c h  r a t e  was 
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3.252 f i s h l l i n e - h  i n  234.93 l ine-h of f i s h i n g .  The c a t c h  a t  Pearl and 

Hermes was composed predominantly of ehu,  hapuupuu, bu taguchi  a k a h a l a ,  

k a l e k a l e ,  onaga,  and nohu. 

bottom f i s h  a t  Midway, Maro Reef,  French F r i g a t e  S h o a l s ,  and Bank No. 8, 

l o c a t e d  a t  l a t .  26017'N, long. 174034'W. Analys is  of t h e  bottom f i s h  d a t a  

i s  c o n t i n u i n g .  

We a l s o  exper ienced  r e l a t i v e l y  good f i s h i n g  f o r  

Age Determina t ions  

Age d e t e r m i n a t i o n s  of bottom f i s h  were made on t h e  assumption t h a t  

r i n g s  i n  o t o l i t h s  i n d i c a t e d  d a i l y  marks and i n  some s p e c i e s ,  annual  marks. 

Previous s t u d i e s  have suppor ted  t h e  h y p o t h e s i s  t h a t  t h e  smallest 

d i s c e r n i b l e  growth increments  i n  t h e  s a g i t t a e  of f i s h  a r e  d e p o s i t e d  d a i l y  

( Pannel la  1971,  1974) .  Recent s t u d i e s  have provided d i r e c t  evidence t h a t  

t h e s e  growth increments  are  d a i l y  phenomena i n  s a g i t t s e  of both temperate  

( B r o t h e r s  e t  a l .  1976; Taubert  and Coble 1977; Barkman 1978) and t r o p i c a l  

s p e c i e s  ( R a l s t o n  1976; S t r u h s a k e r  and Uchiyama 1976; Wild and Foreman 

1980) .  

s p e c i e s  as opakapaka, g i n d a i ,  ehu,  and kahala .  S t u d i e s  on k a l e k a l e  and 

hapuupuu are c u r r e n t l y  i n  progress  and should be completed s h o r t l y .  

We have completed a number of s t u d i e s  on age  and growth f o r  such 

F i g u r e  1 shows t h e  growth curves f o r  opakapaka, ehu,  and kahala  f o r  

which s t u d i e s  have been completed. Based on 93 f i s h ,  t h e  von B e r t a l a n f f y  

growth parameters  f o r  opakapaka were as f o ~ ~ o w s :  L, = 97.1 cm; K = 0.31; 

and to = 0.02 y r .  Growth parameters of t h e  k a h a l a ,  based on 14 f i s h  

i n c l u d i n g  j u v e n i l e s  less than 4 cm i n  f o r k  l e n g t h  (FL) a8 well  as a d u l t s ,  

were L,= 149.4 cm; K = 0.31; and to = 0.04 y r .  The growth parameters  of 

ehu,  based on 14 f i s h  from 23 t o  4 9  cm FL were L, = 63.9 cm; K = 0.36; and 
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t o  = -0.60 y r .  

a lmost  i d e n t i c a l  t o  the  s i z e  of t h e  l a r g e s t  ehu  t a k e n ,  which measured 63.0 

cm FL. 

I t  should  be noted  t h a t  t h e  L, c a l c u l a t e d  f o r  ehu was 

C l u s t e r  Ana lys i s  

We have a l s o  used m u l t i v a r i a t e  techniques  t o  document b i o l o g i c a l  

v a r i a t i o n  i n  waters of t h e  NWHI. 

a n a l y s i s  used on a sample of 4 ,319 bottom f i s h  caught  i n  t h e  N W H I  over  t h e  

past 5 y r  sugges t s  t h a t  t he  banks can be aggrega ted .3  

i n t o  s i x  c l u s t e r s  gave the  g r e a t e s t  r e d u c t i o n  i n  v a r i a n c e  among t h e  s p e c i e s  

composi t ion  v e c t o r s .  Nihoa, L i s i a n s k i ,  and Pearl and Hermes formed one 

c l u s t e r  with ca t ches  c o n s i s t i n g  p r i m a r i l y  of ehu  and hapuupuu. Northampton 

Seamount, by i t s e l f ,  formed a second c l u s t e r  wi th  ca t ches  predominated by 

ehu  and g i n d a i .  A t h i r d  c l u s t e r  was formed by Gardner P innac le s ,  Laysan, 

and Raita Bank where the  c a t c h  was predominately composed of ehu,  

opakapaka, bu taguch i ,  hapuupuu, and kahala .  Midway and Kure  formed a 

f o u r t h  c l u s t e r  wi th  ca t ches  predominant ly  composed of ehu,  hapuupuu, and 

butaguchi .  The f i f t h  c lus te r  inc luded  Necker,  French F r i g a t e  Shoa l s ,  and 

Brooks Banks where t h e  c a t c h e s  p r i m a r i l y  i nc luded  opakapaka and hapuupuu. 

The f i n a l  c l u s t e r  d e t e c t e d  was Mar0 Reef which had predominant ly  opakapaka, 

hapuupuu, and butaguchi .  

A s t a t i s t i c a l  t echnique  c a l l e d  c l u s t e r  

Grouping the  d a t a  

Food and Feeding Hab i t s  

Determina t ion  of t he  food and f eed ing  h a b i t s  of s e v e r a l  members of t h e  

snapper-grouper  complex i s  ex t remely  d i f f i c u l t  because when t h e  f i s h  are 

hooked a t  dep ths  of about  130-240 m and brought  t o  t h e  s u r f a c e ,  expans ion  
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of t h e  gas  b ladder  i n v a r i a b l y  causes t h e  stomach t o  e v e r t ,  l e a v i n g  only 

t r a c e s  of food items e i t h e r  caught i n  t h e  t h r o a t  o r  g i l l  r a k e r s .  For some 

s p e c i e s  such as t h e  c a r a n g i d s ,  however, e n t i r e  stomachs can be c o l l e c t e d  

f o r  s tudy .  

Among f i s h e s  of t h e  snapper-grouper complex, we have completed d i e t  

s t u d i e s  on k a h a l a ,  bu taguchi ,  and hapuupuu. Brief  summaries of t h e  r e su l t s  

a r e  g iven  below. 

Butarruchi: The butaguchi ,  l i k e  many o t h e r  members of the Family 

Carangidae,  i s  an o p p o r t u n i s t i c  bottom f e e d e r  ( S e k i  4 ) .  

examined, f i s h e s  of t h e  Fami l ies  Congridae,  P r i a c a n t h i d a e ,  and S e r r a n i d a e  

were t h e  most impor tan t  and cephalopods,  crabs, and shr imps were t h e  most 

import-ant i n v e r t e b r a t e s .  

r e p r e s e n t e d  20 f a m i l i e s .  The i n v e r t e b r a t e s  i n c l u d e d  four  phyla with t h e  

m a j o r i t y  beonging t o  Arthropoda, Class Crustacea.  Crustaceans were found 

i n  53% of t h e  samples with c r a b s  of t h e  Suborder R e p t a n t i a ,  t h e  most 

f r e q u e n t l y  encountered.  Caridean shr imps,  stomatopods,  and amphipods were 

a l s o  impor tan t  c o n s t i t u e n t s  of t h e  d i e t .  

I n  64  stomachs 

F i s h  occurred  i n  69% of t h e  stomachs and 

Hapuupuu:  Because of t h e  d i f f i c u l t y  i n  c o l l e c t i n g  i n t a c t  stomachs from 

t h i s  s p e c i e s ,  sampling c o n c e n t r a t e d  a l s o  on spew samples, t h a t  i s ,  food 

items t h a t  were caught  i n  t h e  t h r o a t  OK g i l l  r a k e r s  of t h e  f i s h  ( S e k i 5 ) .  

F i s h  r e p r e s e n t i n g  2 2  f a m i l i e s  occurred  i n  60% of t h e  samples;  members of 

t h e  F a m i l i e s  L u t j a n i d a e ,  Emmelichthyidae,  and Congridae were t h e  most 

impor tan t .  Crus taceans  were t h e  most impor tan t  among t h e  i n v e r t e b r a t e s  and 

were p r e s e n t  i n  51% of t h e  samples. The c r u s t a c e a n s  i n c l u d e d  shrimps of 
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t h e  Family Pandal idae were t h e  most f r e q ue n t 1 y 

b s ,  s tomatopods,  amphipods, and is0 ods made u t h e  bulk  

i n v e r t e b r a t e s .  Molluscs r e p r e s e n t e d  only  a smal l  part of 

t h e  d i e t ,  be ing  p r e s e n t  i n  only 6% of t h e  samples. 

Kahala: O u r  s tudy  on kahala  had two o b j e c t i v e s :  One was t o  l e a r n  about  

t h e  feeding  h a b i t s  of t h e  s p e c i e s  and t h e  second was t o  compare f e e d i n g  

h a b i t s  of c i g u a t o x i c  and nonciguatoxic  f i s h e s .  The resu l t s  showed t h a t  

among l a r g e  k a h a l a ,  t h a t  i s ,  those  l a r g e r  than 9 kg, mackerel  scad ,  

Decapterus  s p . ,  were t h e  most impor tan t  food item i r r e s p e c t i v e  of t h e  area 

of c a p t u r e  o r  c i g u a t o x i c i t y  (Humphrey6 and Kramer6). 

than 9 kg, mackerel  scad were a g a i n  t h e  predominant food i t e m  bu t  wi th  two 

For kaha la  smaller 

e x c e p t i o n s :  those taken i n  t h e  NWHI and those  c i g u a t o x i c  f i s h  taken  i n  t h e  

lower main Hawaiian I s l a n d s  had f e d  r e l a t i v e l y  more on bot tom-associated 

fauna i n c l u d i n g  shr imps o t h e r  c r u s t a c e a n s ,  l i z a r d f i s h ,  and s c o r p a e n i d s .  

From t h e s e  resu l t s  , t h e  i n v e s t i g a t o r s  hypothes ized  t h a t  smal l  kaha la  i n  t h e  

lower main Hawaiian I s l a n d s  a r e  more s u s c e p t i b l e  t o  c i g u a t o x i n  

contaminat ion  and t h a t  t h e  occurrence  of l a r g e ,  c i g u a t o x i c  k a h a l a  was 

p r i m a r i l y  the r e s u l t  of t h e  t o x i n ' s  long r e t e n t i o n  time. They a l s o  

sugges ted  t h a t  c o n d i t i o n s  f o r  c i g u a t o x i n  product ion  are  less  opt imal  i n  t h e  

NWHI than i n  t h e  lower main Hawaiian I s l a n d s  and t h a t  a more r e a d i l y  

a v a i l a b l e  bot tom-associated p r e y  fauna e x i s t s  f o r  smal l  k a h a l a  i n  t h e  NWHI.  

Length-Weight and S t a n d a r d  Length-Fork Length R e l a t i o n e h i  ps 

Uchiyama e t  a l . 7  determined t h e  length-weight and s t a n d a r d  length- fork  

l e n g t h  r e l a t i o n s h i p s  f o r  t h e  k a h a l a ,  bu taguchi  opakapaka, 

... . .. . .. _ _  .... * -  
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k a l e k a l e ,  g i n d a i ,  ehu ,  onaga, and hapuupuu from t h e  NWHI. The resu l t s  of 

t h i s  s t u d y  showed t h a t  except  f o r  hapuupuu, t h e r e  was no s i g n i f i c a n t  

d i f f e r e n c e  between mean weight f o r  males and females.  The h i g h l y  

s i g n i f i c a n t  d i f f e r e n c e  between t h e  sexes  observed f o r  hapuupuu was 

a t t r i b u t e d  t o  t h e  v e r y  smal l  sample s i z e  f o r  t h e  males. 

group means a l s o  showed s i g n i f i c a n t  d i f f e r e n c e s  among cruises f o r  k a h a l a ,  

b u t a g u c h i ,  opakapaka, ehu,  and hapuupuu and among banks f o r  a l l  t h e  species 

s t u d i e d  except  butaguchi .  The i n v e s t i g a t o r s  e x p l a i n e d  t h e s e  d i f f e r e n c e s  a s  

a r e s u l t  of uneven d i s t r i b u t i o n  of commercial f i s h i n g  p r e s s u r e  on t h e  

banks,  t h a t  i s ,  those  banks c l o s e r  t o  t h e  i n h a b i t e d  main i s l a n d s  were 

f i s h e d  down f i r s t  whereas t h e  more d i s t a n t  banks were p r i s t i n e  with l a r g e  

f i s h  predominating i n  t h e  ca tch .  

Comparison of 

The r e g r e s s i o n  e q u a t i o n s  d e s c r i b i n g  t h e  length-weight and s t a n d a r d  

length- fork  l e n g t h  r e l a t i o n s h i p s  of t h e  e i g h t  s p e c i e s  are g i v e n  i n  Tables  1 

and 2 .  
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Table 1.--Length-weight r e l a t i o n s h i p s  of f i s h e s  commonly caught  

i n  t h e  deep-sea h a n d l i n e  f i s h e r y  i n  t h e  Northwestern Hawaiian 

I s l a n d s  ( s e e  text  f o o t n o t e  7 ) .  

I 

Fork length 
Y-axis Regression Correlation IMX. min. 

Speciee Equation1 intercept coefficient N coefficient (ann) (mu) 

Seriola 
dumerili 

Pseudocaranx 
dentex 

Pristipomoides 
filamentosug 

_Prietiuomoides 
sieboldii 

Pristipomoidea 
ZOn8tUS 

Etelis 
carbunculue 

Etelie 
coruscans 

Euineuhelus 
que rnu s 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

2.6066 
-7.41 21 
2.2601 

-7.6215 

2.5879 
-7.6509 
2.5831 

-1 .a310 

2.5857 
-1.4102 
2.5816 

-7.411 2 

2.5760 
-1.8283 
2.5194 

-8.4769 

2.5571 
-8.1330 
2.5560 

-8.3288 

2.5856 
-7.1587 
2.5843 

-1 .8682 

2.5993 
-7.3542 
2.5 945 

-7.5248 

2,5911 
-8.1604 
2.5945 

-8.2618 

0.3348 7 4  
2.8791 
0.3410 
2.9321 

0.3229 123 
2.9676 
0.3299 
3.0316 

0.3427 211 
2.8691 
0.3506 
2.8934 

0.2806 71 
3.0306 
0.3043 
3.2864 

0.2998 51 
3.1833 
0.3069 
3.2585 

0.3240 414 
3.0036 
0.3284 
3.0441 

0.3316 44 
2.8399 
0.3440 
2.9003 

0.3105 284 
3.1486 
0.3140 
3 ,1844 

0.982 

0.979 

0.992 

0.922 

0.911 

0.907 

0.979 

0.989 

1,115 524 

830 464 

779 268 

435 245 

469 282 

629 269 

880 480 

21,100 235 

IPredictive equation 1: 
Predictive equation 2: 
Functional equation 3: 
Functionel equation 4: 

logid( - log108 + b logloy 
logloY - logloc + d loglox 
logl$ - loglou + V logloy 
logloy - loglov + X l O g l d (  

where X - fork length (mm) 
Y - weight ( k g )  
Y-intercept: a ,  C, U, w 
regression coefficient: b, d, V, X 

2Total length, 



Table 2.--Standard l e n g t h - f o r k  l e n g t h  r e l a t i o n s h i p s  of f i s h e s  commonly 

caught  i n  che deep-sea h a n d l i n e  f i s h e r y  i n  t h e  Northwestern Hawaiian 

I s l a n d s  ( s e e  t e x t  f o o t n o t e  7 ) .  

Range of fork length Range of otandard 1- 
Y-axir Regression maximum minimum maximum minimum 

Specier Equation1 intercept coefficient n Correlation (unn) (mu) (4 (mm) 

Sd2a.a 1 3.5344 0.9391 74 0.996 1,494 5 24 1,367 504 
dumer i l i  2 2.1377 1.0572 

3 0.7493 0.9425 
4 -0.7889 I .ob10 

Pseudocaram I -0.11 06 0.9448 129 0.997 * 2 4.6975 1.0510 
3 -2.2639 0.9481 
4 2.4134 1.0547 

&jstiuomoidem 1 2.5515 0.9012 203 0.997 
f i  lamentoow 2 0.5081 1.1034 

3 1.0884 0.9037 
4 -1 .I713 1.1065 

$rirtiDomoidu 1 4.2166 0.8983 70 0.987 
LI iebo Id i i 2 4.0474 1.0853 

3 0.0356 0.9098 
4 -0.0218 1.0992 

pristiuomoidek 1 -13.889 0.9506 42 0.9811 
jonatus 2 26.828 1 .0207 

3 -20.01 7 6 0.9650 
4 20.7707 1 .0362 

1 -2.8201 0.9185 434 0.993 
carbunculur 2 9.8694 1.0728 

3 -6.0045 0.9253 
4 6.5023 1 .0807 

830 464 

179 26 8 

43 5 245 

489 182 

629 16 9 

4 80 876 

772 

723 

443 

LLcUE 1 -0.5400 0.9169 40 0.998 
corumcans 2 3.4976 1.0859 

3 -1.8766 0.9189 
4 2.0160 1.0883 

EDineuhelus 1 -13.152 0.8630 289 0.997 21,100 235 956 181 
guernue 2 18.896 1.1525 

3 -14.758 0.8653 
4 17.096 1 .I556 

lPrediction equation 1: X - a t b Y where X - standard length 
Prediction equation 2: 
Functional equation 3: X - u t v Y Y intercept: a, e, u, w 
Functional equation 4:  

P - c + d X 

Y - v t y X 

Y - fork length 
regreamion coefficient: b. d, V ,  p 

452 

5 81 

440 

4 3  1 

2 4 2  

225 

256 

241 

81 0 

2Tot.1 length 
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( d o  
d U  

c - 5  

v) w 
I 

a 
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bo 


